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Abstract 
Wounds that fail to heal quickly are often encountered by community nursing staff. An important step 
in assisting these chronic or stalled wounds progress through healing is debridement to remove 
devitalised tissue, including slough and eschar, that can prevent the wound from healing. A unique 
wound treatment called HydroTherapy aims to provide an optimal healing environment. The first step 
of HydroTherapy involves HydroClean plus™, this dressing enables removal of devitalised tissue 
through autolytic debridement and absorption of wound fluid. Irrigation and cleansing provided by 
Ringer’s solution from the dressing further removes any necrotic tissue or eschar. Once effective 
wound bed preparation has been achieved a second dressing, HydroTac™,  provides an ongoing 
hydrated wound environment that enables re-epithelialisation to occur in an unrestricted fashion. This 
paper presents 3 case studies of slow healing wounds treated with HydroClean plus™ which 
demonstrates effective wound debridement.  
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Key points 
 Debridement is often an important step in preparing the wound bed so chronic or stalled 
wounds can progress through healing.  
 HydroClean plus™ is the first dressing used in HydroTherapy, a unique wound treatment that 
aims to debride the wound and provide an optimal healing environment. 
 HydroClean plus™ successfully prepares the wound bed for healing progression by removing 
devitalised tissue. 
 
 
Introduction  
Community nurses often encounter chronic wounds, which continue to place significant burden on 
health care systems’ resources and are disabling for patients, (Posnett and Franks, 2008).   The concept 
of wound bed preparation is not new, but remains as relevant today as when it was first introduced.  
Wound bed preparation is a holistic approach to wound diagnosis and treatment, it ensures patient 
focused outcomes and treatments, relating to the cause of the wound and the optimisation of the 
wound bed to promote healing (Snyder et al., 2016).   
There is debate surrounding when a wound becomes classed as chronic (Sibbald et al., 2013) suggest 
any wound present for more than 6 weeks is considered to be chronic in nature, and as the population 
grows both acute and chronic wounds are becoming more frequent (Sibbald et al., 2013).  Additionally, 
wounds can be classed as recalcitrant (non-healing) if they do not follow the expected trajectory of 
wound healing. Normal trajectory estimates that there should be a 30% reduction of wound surface 
area after only 4 weeks, if this is achieved it is projected that the wound will close within a period of 
12 weeks (Margolis et al., 2004, Sibbald et al., 2013).  
When healing has stalled it is vital that the community nurse has the appropriate knowledge and skills 
to assesses the whole patient and does not simply concentrate on the wound bed (Atkin, 2014).  To 
ensure effective patient treatment  the assessment should: determine the cause of the wound, 
Identify any co-morbidities/complications that may contribute to the wound or delay wound healing, 
assess the status of the wound and support the development of management plans (World Union of 
Wound Healing Societies (WUWHS, 2008). 
Devitalised tissue 
In many chronic wounds there is a build-up of devitalised tissue (Nunan et al., 2014) that  interferes 
with and delays wound healing (Snyder et al., 2016). Both slough and eschar are types of devitalised 
tissue that may be present  in chronic wounds.  The former – slough appears as moist, loose, yellow 
stringy dead tissue. Eschar, on the other hand has the appearance of blackish dry, thick tissue which 
may be leathery in consistency (Milne, 2015).  
Dead tissue, slough and debris in a wound can: 
 Prevent or delay a wound’s normal healing process (Weir, 2007) 
 Mimic or hide infection, attract bacteria to the wound, increasing the risk of infection (O’Brien, 
2002) 
 Prevent practitioners from assessing the extent and size of the wound, which is particularly 
problematic when staging pressure ulcer damage (Weir, 2007) 
 Increase odour and exudate (Vowden and Vowden, 2011) 
 
Devitalised tissue is known to provide an environment in which microorganisms can attach and form 
biofilms, which as a consequence results in wound infection (Percival and Suleman, 2015).  Ultimately 
this may lead to a more serious deep tissue infection that can be life threatening (Leaper et al., 2015). 
In light of this, a basic tenant on the treatment of chronic (or acute) wounds is that any or all 
devitalised tissue must be removed allowing the wound to be prepared for healing. Therefore, 
removal of devitalised tissue using a debridement technique is imperative in the first steps to healing 
wounds and is the basis of a number of specific guidelines developed to aid the clinician to do this 
(Pilcher, 2016). This guidance includes  the TIME management process (see Table 1), which is the 
acronym given to Tissue management involving wound bed preparation; Control of Infection and 
Inflammation; Moisture imbalance; Advancement of the epithelial Edge of the wound as shown in 
Table 1 (Dowsett, 2008). 
Wound debridement 
There are several “standard” methods by which the clinician can remove devitalised tissue including 
mechanical, autolytic, chemical, enzymatic and biological (larvae) debridement techniques (Mat Saad 
et al, 2013). Advances in technology have allowed nurses and other healthcare professionals access 
to newer debridement methods ranging from pulsed lavage debridement (hydro-surgery, water-jet) 
to ultrasound-assisted wound treatment (Doerler et al, 2012). However, choice of debridement 
technique depends on the type, amount of devitalized tissue in the wound bed, size and depth of the 
wound, underlying disease, possible co-morbidity, and the patient’s general condition. Combined 
methods of debridement may also be used to achieve better results. It is not within the scope of this 
article to review and critique the different methods of devitalised tissue removal, but to understand 
why and how this needs to be done.  
HydroTherapy 
This article highlights a unique wound treatment regimen “HydroTherapy” that consists primarily of 
two Hydro-Responsive Wound Dressings (HRWDs), the first of which enables removal of devitalised 
tissue, which subsequently supports wound bed preparation. This is achieved by both providing 
autolytic debridement and absorption of wound fluid, which aids in the removal of any deleterious 
components in the fluid that may delay healing. This is combined with an irrigation and cleansing 
mechanism (with Ringer’s solution from the dressing HydroClean plus™) that further removes any 
necrotic tissue or eschar. Subsequent use of the second HRWD wound dressing HydroTac™ provides 
an ongoing hydrated wound environment that enables re-epithelialisation to occur in an unrestricted 
fashion.  
Case study 1 
A 58-year-old male with a diabetic foot ulcer. The ulcer had undergone surgical debridement two 
weeks previously to his presentation at the clinic, but had shown no obvious improvement (Figure 1). 
The wound was static extending in depth with increasing slough and necrotic edges, it had dry wound 
edges that were retracting and the skin flap had not adhered. Six days after HydroClean plus™ 
treatment was commenced the wound was moist, its depth was reducing and the skin flap was starting 
to adhere (Figure 2). At 13 days, the wound was fully debrided and the skin flap had fully adhered 
(Figure 3). HydroClean plus™ was stopped at this point because the wound bed had been successfully 
prepared for healing. The skin surrounding the wound, the peri-wound skin, showed some hyper-
hydration but was not macerated. 
 
 
Fig 1 
 
Fig 2 
 Fig 3 
 
 
Case study 2 
The second case was a 72-year-old man with peripheral arterial disease who developed gangrene of 
his toes and underwent revascularisation and amputation of the 4th and 5th toes.  Initially the wound 
progressed well but around week 4 it had started to stall, and there was evidence of increasing sloughy 
tissue (Figure 4).  The patient was reassessed and his arterial supply remained adequate. HydroClean 
plus™ was commenced to allow rapid debridement and optimisation of the wound bed to facilitate 
granulation growth.  After only 1 week there was evidence of debridement and the wound bed was 
shallower with healthy granulation visible (Figure 5). 
F 
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Case study 3 
A 65-year-old gentleman who suffered from an acute diabetic foot infection that required incision and 
drainage. The patient suffered from a neuropathy but had an intact arterial supply.  Two weeks 
following surgery the wound started to stall, (Figure 6) with increasing amounts of sloughy tissue 
visible at the base of the wound, there were no signs of infection, the wound bed appeared slightly 
dry and as such there was no evidence of wound edge migration.  HydroClean plus™ was started at 
this point, after only 8 days (Figure 7) there was significant progression in the condition of the wound, 
the sloughy tissue had started to debride, and there was evidence of new healthy granulation growth.  
Hydroclean plus™ was continued until the wound was completely slough free allowing skin grafting. 
Figure 6 
 Figure 7 
 Discussion 
Successful management strategies for treatment of chronic wounds should include wound bed 
preparation in terms of the “TIME” framework which encompasses tissue management, inflammation 
and infection control, moisture balance, and epithelial (edge) advancement as presented in –Table 1 
(Dowsett, 2008).  The vital first step in this process is tissue management involving wound bed 
preparation, ensuring that where devitalised tissue is present effective debridement cleans the wound 
bed thus preparing it for healing. There are a variety of different effective debridement options 
available however using a wound dressing that allows speedy debridement will assist in reducing time 
to healing and simplify the wound care process.  The case studies presented here clearly demonstrate 
that HydroClean plus™ is able to remove devitalised tissue quickly and effectively, aiding in the 
preparation of the wound bed for healing.  
TIME framework wound healing 
As previously discussed, when using the TIME framework for tissue management an essential element 
is to remove devitalised tissue using various methods of debridement (Pilcher, 2016). HydroTherapy  
aims to assist later steps in the process that involve restoration of bacterial balance (including 
reduction of bacterial biofilms), which relates to Infection and inflammation of this framework and 
through achieving a moist wound healing environment healing will be enabled. Finally, removal of the 
physical and biochemical barriers for migration of the epithelium from wound edges enables healing 
(Mat Saad et al, 2013). The effectiveness of using HydroTherapy as a basis for treatment of various 
chronic wounds in this case study series within the TIME framework is demonstrated in Table 1.  
The mode of action of HydroClean plus™ involves cleansing, debriding and absorbing in order to 
stimulate granulation tissue formation. The release of Ringer’s solution from the superabsorbent 
polyacrylate core beads leads to the softening of necrotic tissue and fibrin coatings. At the same time, 
wound exudate (containing proteinaceous material and bacteria) is taken up into the body of the 
dressing. Further absorption of necrosis and fibrinous material softened by the cleansing action 
occurs. Together, these effects stimulate the quick formation of granulation tissue. 
Hyper-hydration 
The cases presented demonstrated that HydroTherapy may sometimes result in hyper-hydration of 
the skin surrounding the wound, as can be clearly seen in case 3 (Figure 8). This is a consequence of 
the autolytic debridement resulting from using HydroClean plus™, which aids in wound bed 
preparation.  Initially this was some unease because it is commonly understood that excess exudate 
on the skin can jeopardise its integrity (Davies, 2013).   However, it is important to note that although 
the presentation of hyper-hydration and maceration are similar they are not the same (Rippon et al., 
2016).  Maceration results from liquids that are damaging to the skin such as wound exudate or urine 
(Gray and Weir, 2007) whereas hyper-hydration results from the moist environment, in these cases 
created by the Ringer’s solution contained within the dressing.  The most significant difference is that 
hyper hydration will resolve within a few minutes leaving no damage to the skin.  More detail 
surrounding the differences is in Table 2.  
These case studies clearly show (Figures 3, 5 and 8) that where hyper-hydration was apparent, 
supported by the presentation of white and wrinkled tissue, this was transient and the skin returned 
to a more normal state if left without the Ringer’s solution that caused the hydrated environment, for 
example when the HydroClean plus™ dressing was no longer used. This does not happen if skin is 
macerated by wound fluid thus “excessive fluid is not per se the cause of skin damage but it is the 
content of the fluid that is of major importance” (Ousey et al, 2016). 
Hydration assists wound healing 
Additionally, results  demonstrate  the benefits of hydration not only in the context of debridement 
but also for healing. In fact, hydration of wounds has been shown to be important for many decades 
(Benbow, 2008). Table 3 highlights some of the benefits of hydration in wound healing. More 
importantly high levels of wound tissue hydration (hyper-hydration) have proved to be effective in 
aiding the healing process.  A number of studies have indicated that a wound that is overly hydrated 
may not result in tissue damage (Breuing et al., 1992; Svensjö et al., 2000; Vranckx et al., 2002; Vogt 
et al., 1995), and rather suggest that a wound bathed in a hyper-hydrated environment may benefit 
from the advantages of moist wound healing (Junker et al., 2013). 
Conclusion 
The initial process of HRWD involving HydroClean plus™ was successful in effectively removing 
devitalised tissue and aiding progression of healing in chronic wounds. As a straightforward method 
of debridement we suggest nurses should consider hydrotherapy for treatment of chronic or stalled 
wounds.  
  
Tables and Figures 
 
Table 1. TIME Management framework supported by HWRDs 
 
T  Tissue Non-Viable or Deficient - Does the 
wound contain non-viable tissue such as 
necrotic tissue, slough, non-viable tendon or 
bone? 
HydroClean plus – removes 
devitalised tissue enables wound 
bed preparation. 
I  Infection or Inflammation - Does the wound 
have signs of bacterial contamination, 
infection or inflammation? 
HydroClean plus – removes 
devitalised tissue that provides a 
nidus for infection. 
 
M  Moisture Imbalance - Does the wound have 
excess exudate or is the wound too dry? 
HydroClean plus aids in absorption 
and management of wound exudate. 
 
E  Edge of wound non-advancing or 
undermined -   Are the edges of the wound 
undermined and is the epidermis failing to 
migrate across the granulation tissue? 
HydroTac provides a continuum of 
hydration that aids wound healing. 
 
 
  
   
Table 2 Definitions and impact of Hydration, Hyper-Hydration and Maceration 
 
 Definition Damage 
potential 
Healing 
potential 
Hydration The process of providing an adequate 
amount of liquid to bodily tissues 
Low High 
Hyper-hydration The process of providing more than an 
adequate amount of liquid to bodily tissues, 
resulting in an effect on cellular/tissue 
structures and or processes 
Low - 
moderate 
Very High 
Maceration The softening and breaking down of skin 
resulting from prolonged exposure to 
moisture - exacerbated by the presence of 
chemical elements (specific enzymes - 
MMPs) that further act in tissue 
degradation 
High to 
extremely high 
None 
 Table 3. Benefits of moist wound healing – taken from Ousey et al., 2016. 
 
 Faster wound healing (Winter, 1962; Dyson et al., 1988; Beam et al., 2008) 
 Promote epithelialisation rate (Winter, 1962; Eaglstein, 2001; Ågren et al., 2001; Varghese 
et al., 1986; Rubio, 1991; Madden et al., 1989; Wigger-Alberti et al., 2009) 
 Promote dermal/wound bed healing responses, e.g., cell proliferation, ECM synthesis 
(Svensjö et al., 2000; Dyson et al., 1992; Mosti, 2013; Korting et al., 2010; Chen et al., 1992; 
Leung et al., 2010; Field & Kerstein, 1994; Dowsett & Ayello, 2004; Katz et al., 1991) 
 ReducI can’t es scarring (Atiyeh et al., 2003,2004; O'Shaughnessy et al., 2009; Mustoe & 
Gurjala, 2011; Tandara et al., 2007; Hoeksema et al., 2013) 
 Retention of growth factors at wound site (Svensjö et al., 2000; Hackl et al., 2014; Powers 
et al., 2013; Chen et al., 1992; Attinger et al., 2006; Vogt et al., 1995) 
 Lower wound infection rates (Kannon & Garret, 1995; Hutchinson & Lawrence, 1991; 
Lawrence, 1994) 
 Reduces pain perception (Wiechula, 2003; Metzger, 2004; Leaper et al., 2012; Coutts et al., 
2008; Feldman, 1991; Nemeth et al., 1991) 
  
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